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“The ideal and aim of the 
American Telephone and 
Telegraph Company and 
its Associated Companies 
is atelephone service forthe 
nation, free, so far as 
humanly possible, from 
imperfections, errors, or 
delays, and enabling any- 
one anywhere to pick up a 
telephone and talk to any- 
one else anywhere else, 
clearly, quickly and at a 


reasonable cost.” 
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INSTEAD OF ALUMINUM 


Dial telephones go through the assembly line as fast as ever, bul 

the finger wheel is made of steel now—in place of the lighter metal. 

By substituting less critical materials in many ingenious ways, one 

Western Electric plant alone is saving an estimated million pounds 

of aluminum this year, and similar savings are being made at the 

other W. E. Works, as well as in other vital metals and alloys— 
as described in the article beginning on the opposite page 





WESTERN ELECTRIC: TELEPHONE ARSENAL 


The Bell System’s “Service of Supply,” Experienced in Meeting 
Emergencies Imposed by Nature’s Forces, Is Geared Up to Serve 
the Nation in This Time of Crisis 


By ALVIN von AUW 


The following article discusses the part 
being played in the nation’s defense effort 
by the Western Electric Company, which 
is the manufacturing, purchasing, and dis- 
tributing unit of the Bell System. More 
general statements of the System’s réle in 
the re-armament program have appeared 
in three previous issues of this magazine: 
October, 1940, the text of a brief radio 
broadcast by President Walter S. Gifford 
of the A. T. and T. Company over a 
nation-wide network on October 14; Feb- 
ruary, 1941, “The Bell System and Na- 
tional Defense’; and May, 1941, the 
statement to stockholders by Mr. Gifford 
at the annual meeting on April 16. 


N the re-armament program in 
I which this country is so mightily 

engaged, the Western Electric 
Company is a full partner. For vital 
to the nation’s defense effort is co- 
ordination, which depends, in turn, 
upon communications. And commu- 
nications means the telephone. The 
telephone network has become the 
nerve system of a democracy on guard 
against the perils of a world at war. 
Recent months have seen a demand 
on the services of the Bell System, and 
thus on the manufacturing facilities 
of the Western Electric Company, un- 
precedented in the history of the tele- 


phone. Today the products of West- 
ern Electric are moving up to the 
defense front in an ever-mounting 
stream.* 

Military analogies are apt. In 
these recent crowded months Western 
Electric has become the arsenal of 
telephony. For many years Western 
Electric has been termed the Bell Sys- 
tem’s “service of supply,” a phrase 
borrowed from the armed forces. The 
W. E. organization was established 
and is maintained to secure the ad- 
vantages of standardized manufacture 
and of large-scale centralized pur- 
chasing coordinated with nation-wide 
distributing and equipment installa- 
tion forces—all in order to supply a 
communications front stretching the 
length and breadth of our country. 
In emergency after emergency this 
type of organization has demonstrated 
its advantages. Today, in an “unlim- 
ited national emergency,” they are 
once more apparent. 


*So, of course, are the products of other 
manufacturers of communication equipment, 
who supply in large part the needs of the 
country’s 6,400 independent Bell-connecting 
telephone companies. Many of them are also 
working on defense contracts directly for the 
armed forces. See “Independent Telephone 
Companies,” Macaztne, May, 1941. 
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PLANNING Comes FIrst 


In all Western Electric plants, engineering conferences are a basic preliminary to the 
production of communication equipment for the nation’s defense 


Western Electric’s defense effort is 
two-fold. The Company has thrown 
its full weight of man-power and ma- 
chines into (1) the manufacture of 
radio and other communication items 
for the Army, the Navy, and the Air 
Corps, and (2) the engineering, manu- 
facture, and installaticn of telephone 
equipment ordered through the Bell 
System operating companies for serv- 
ice in government defense establish- 
ments, in vital privately-owned de- 
fense plants, in Bell System central 
offices and cross-country circuits ex- 
panding to meet the communications 
demands of a nation girding itself for 
any eventuality. 

The Bell System laid the ground- 
work for its defense activities well in 


advance of the first huge defense 
appropriations. Telephone company 
and Western Electric men organized 
regional defense committees to speed 
local activities. In New York, the 
headquarters defense-program group 
includes a W. E. “‘coédrdinator”’ as one 
of its important members. To the co- 
ordinator’s desk has come a mounting 
stream of teletype “flashes” from the 
field and from the Bell System repre- 
sentatives in Washington as well: 
*, . $25,000,000 NAVAL AIR BASE FOR 
QUONSETT POINT RHODE ISLAND FOR 
SERVICE MAY | AT LEAST 500 DIAL PBX 
LINES REQUIRED. . . . TANK ARSENAL 
SLATED FOR DETROIT 40,000 FEET LEAD 
COVERED CABLE SHIPMENT REQUIRED 
AT ONCE. . . . SAN DIEGO CONSOLIDATED 
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AIRCRAFT 600 PBX LINES BY MAY Il 
200 LATER... .” Advance informa- 
tion like this, carefully collated, helps 
the Company to anticipate the later 
and more specific demands and to 
make corresponding preparatory ad- 
justments in production programs all 
along the line. 

Cryptic initials “A. S. A. P.” (for 
“as soon as possible’’) give a staccato 
touch to many telephone company 
orders for W. E. material. On cor- 
responding Western Electric invoices, 
the notation “shipped same day” re- 
curs with gratifying frequency. On 
specific defense orders, normal “engi- 


neer, furnish and install” schedules 
have been telescoped. Cable reels 
may roll into army camps when 
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they’re little more than a stack of 
blue-prints in a contractor’s shack. 
Private branch exchanges are often 
cut into service while the big bull- 
dozers are still making molehills out 
of mountains, clearing the ground for 
Uncle Sam’s military cities. By the 
time a camp crackles with its first 
bursts of practice rifle fire, an entire 
telephone system will have been in- 
stalled, and telephones are ringing in 
headquarters’ offices. 


Production Quantities Are Vast 


Western ELectric’s finger on the 
pulse of the defense situation is the 
program planning group at head- 
quarters. Twice monthly the group 
issues a detailed report of progress 





Tuts Is a Firer-STRANDER 


it the rate of 600 feel a minute, 101 separate pairs of wires are drawn from spools through 
the drilled plate and stranded together—one step in the manufacture of telephone cable 
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along the communications front, to- 
gether with carefully considered esti- 
mates of future requirements. How 
many telephones are needed in the 
building of a two-ocean navy, an army 
of a million and a half, an air force 
second to none? How much cable? 
How many PBX’s? These reports 
chart the rapidity with which Western 
Electric’s production, delivery, and 
equipment installation schedules must 
be revised in step with the fast ex- 
panding defense program. Last Oc- 
tober some 153 army, navy, and other 
defense establishments were projected 
or a-building. By December 136 
more had been added. In February 
the total reached 777. Today the 


number is approaching 1,100. To 
nearly all of these army camps, navy 
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yards, airfields, arsenals, anti-aircraft 
firing centers, etc., Western Electric 
will provide telephone equipment in 
whole or in part—or has already done 
it. 

To do the job, current estimates 
indicate, will require 9,191,000,000 
conductor feet of lead-covered cable, 
629 private branch exchanges, 10,000 
public telephones, 8000 booths, 3200 
teletypewriters — and _ corresponding 
totals for other major and miscel- 
laneous items. 

But these figures cover only equip- 
ment destined for installation in army 
camps, naval bases, airfields, arsenals, 
and other government-owned or gov- 
ernment-financed defense establish- 
ments. They do not take into account 
equipment required for the Bell Sys- 





Fretp TELEPHONES FOR THE ARMY 


Skilled fingers assemble in mass production the sturdy sets which may handle vital orders 
and reports in action 
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LEARNING THE TECHNIQUES OF INDUSTRY 


Students in the training department at Hawthorne Works receive some pointers 
on the operation of a tool-and-die machine 


tem’s greatly expanded program of 
new construction. The rapidly grow- 
ing communications requirements of 
private industry and of the thousands 
of America’s new homes, as well as 
the equipment needed to increase the 
capacity of hundreds of telephone cen- 
tral offices, to add many circuits be- 
tween the great industrial centers of 
the land, to link suddenly booming 
communities to the nation-wide tele- 
phone network—all these have placed 
a demand on the production capacity 
of Western Electric unmatched in the 
Company’s 72-year history. 


Aut the Company’s plants are run- 
ning at exceptionally high annual pro- 


duction rates in almost every line of 
communications equipment. A check 
of central office apparatus production 
shows current annual “going rates” of 
116,000 lines of panel, 584,000 lines 
of step-by-step, 303,000 lines of cross- 
bar. Manual central office equipment 
is running at the rate of 2,090 switch- 
board positions per year. Sales of 
carrier and repeater equipment, items 
for which there is a heavy demand to 
supplement the long-distance facilities 
now serving the nation-wide prepared- 
ness program, are expected to reach 
a total of $22,600,000 for 1941. The 
loading coil going rate is currently set 
at 1,227,000; telephone sets at 2,870,- 
000; dials at 1,980,000. Rubber-cov- 
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CABLES FoR EVERYWHERE 


By water, by rail, and over the road these reels of lead-covered cable 


already tested, sealed, 


and packed—will speed to points throughout the country where an expanding telephone 
service requires them 


ered wire is being turned out at the 
rate of 2,156,000,000 conductor feet 
per year. Cable shops are working at 
an annual rate of 48,850,000,000 con- 
ductor feet. Much of this lead- 
sheathed cable is being armored, at 
an annual rate of more than 5,000 
miles a year, for protection against 
the elements and marauding rodents 
when buried along underground toll 
routes. 


Anorner example of advance plan- 
ning is Western Electric’s program of 
conservation of vital raw materials. 
For some years, Bell System engineers 
have been studying materials, both old 
and new, to assure their most effective 
use, and today these studies are prov- 


ing of great value in the light of pres- 
ent problems of supply. In Western 
Electric plants, less critical materials 
are now being substituted for metals 
and alloys vital to airplane and muni- 
tions manufacture. Engineers at the 
Hawthorne Works estimate that the 
substitution prograrn will effect a sav- 
ing of more than a million pounds of 
aluminum in 1941—approximately 62 
per cent of the amount this one plant 
alone would otherwise use. Impres- 
sive savings are also being effected at 
all Western Electric Works with other 
critical materials as well—nickel, zinc, 
nickel-steel, magnesium, etc. 

In twelve months the Western’s 
man power has increased nearly 50 
per cent. Since June of 1940 more 
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than 16,000 new employees have 
taken their places beside the old, 
learning from them the tricks of their 
trade and absorbing the spirit of serv- 
ice. The Western’s training pro- 
grams, too, are bearing fruit, relieving 
somewhat the acute shortage of ma- 
chinists and skilled operators which 
was forecast as a potential defense 
stumbling-block. Western Electric, 
like many another vital defense in- 
dustry, is burning midnight oil: extra 
shifts in key departments are con- 
tributing heavily to the Company’s 
total defense effort. 


W. E. 


You can’t tell the story of action 
on the communications sector with 
generalizations and statistics alone. 
You have to go into the front lines. 


in Action 





You have to see, for instance, a crew 
of installers rolling out of improvised 
bunks in an unheated, unfinished 
army barracks to complete an elab- 
orate PBX installation before the 
troops arrive. You have to see the 
conveyor systems in the Western’s 29 
distributing houses disgorging mate- 
rial labeled “National Defense.” You 
have to see the men and women and 
machines of Hawthorne, Kearny, 
Point Breeze, and the other W. E. 
plants in action. You have to visit 
one of Uncle Sam’s vast new Army 
camps. 

Take Camp Blanding, for instance, 
Florida’s fifth largest “city,” popula- 
tion 45,000. Twelve months ago the 
uninhabited 55,000-acre tract was 
given over to palms and pines and 
an impenetrable thicket. 





For an Arr Base anp Two Army Camps 


Cable, switchboard sections, and miscellaneous equipment are leaving the loading dock of a 
Western Electric Distributing House. With a magnifying glass, the words ‘ National 
Defense”’ can be seen on every address label 
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Nearest community to Blanding is 
Starke, 30 air miles south of Jackson- 
ville. A year ago Starke awoke with 
a jolt. Twenty-two thousand work- 
men came to town. In a week cot- 
space was at a premium. A boom 
town overnight, Starke went to work 
in earnest for defense. 

On October 26, 1940, the first flag 
went up over the soldier city. Work 
crews knocked off for a few minutes 
to gaze at the banner, then set to 
again at the double. Early in Decem- 
ber the troops began to roll in by train 
and truck. Based at Blanding today 


are two full Infantry divisions and a 
Field Artillery brigade. 
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To provide communications facili- 
ties for the mushrooming military 
city, the Bell System matched strides 
with Uncle Sam. 

Pine trees hadn’t yet given way to 
barracks when the Southern Bell 
Telephone and Telegraph Company 
rushed the first temporary PBX to 
Blanding. It was set up in the con- 
tractor’s office, an Army kitchen, and 
connected with Starke over a two- 
bracket line rigged by the National 
Guard. Two weeks later, while car- 
penters were still hammering away on 
the rooftop, an 80 line PBX from 
Western Electric’s Jacksonville dis- 
tributing house was cut into service 


\ WASHINGTON CENTRAL OFFICE EXPANDS 


Western Electric installers are placing dial switching equipment to care for the Capital's 


vastly increasing numbers of telephone calls. 


Vany central offices have been greatly enlarged 


to care for the traffic occasioned by the defense program 
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Army Fretp EXERCISES 


A permanently installed dial-type switchboard in the front of the truck is linked to smaller 

Command Post switchboards ahead and to larger units al the rear. So functionally designed 

is this equipment that telephone facilities to serve a relatively large sector can be completely 
set up, including the running of field wire, in a few minutes 


in the temporary administration build- 
ing. Later the contractor called for, 
and got, 80 more lines. 

At September’s end, Southern Bell 
ordered from Western Electric suffi- 
cient wire to increase the number of 
circuits between Jacksonville and 
Starke from three to nine, the circuits 
between Starke and Gainesville from 
two to six. (Circuits between Starke 
and Jacksonville have since been in- 
creased to 22.) Western Electric was 
also called upon for four positions of 
number 12 switchboard for the new 
central office at Starke. Within ten 
days after the order was dispatched, 
the switchboard had been engineered 
and the first shipment had been re- 
ceived. On October 10 a Western 


Electric installation crew rolled into 
Starke. On November 18 they rolled 
out again, the central office installa- 
tion completed. 

Completed is hardly the word, 
though; for within a few weeks West- 
ern Electric men were back on the 
job to answer the call for three more 
switchboard positions. Then, later, 
four more positions were added. And 
recently the installation of ten addi- 
tional switchboard positions has 
brought the total in the new Starke 
central office to 21. 

Meantime, Southern Bell men were 
burying 43,900 feet of 76-pair cable 
in the sandy soil between town and 
camp. 

Meantime, too, workmen rushed 
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\ Private Brancuw EXCHANGE SWITCHBOARD 


This one serves a naval operating base. 


Other hundreds of P.B.X.’s, large and small, have 


gone into camps and bases and into industrial plants from coast to coast 


Building TT-2 toward completion. 
They had a deadline to meet. On 
December 7, as the camp for the first 
time echoed to the tread of march- 
ing feet, Western Electric installers 
turned TT-2 into a military nerve 
center by cutting into service a seven- 
position, 400-line PBX switchboard. 

Since Blanding opened for business, 
the camp’s PBX has been increased 
to ten positions and its capacity has 
soared to 1300 lines; cable require- 
ments have lifted radically; public 
telephones for the convenience of 
soldiers off duty have been installed. 

Blanding, for all its jig-time con- 
struction, is not unique. Although 
one of the largest, it is in point of 
fact typical of the scores of defense 


establishments, located at a distance 
from sizable communications centers, 
which must be fitted with complete 
telephone facilities in the interest of 
national security. 


At Corpus Christi 


Here’s another example. 

At Corpus Christi, Texas, close by 
the Mexican border, there stands a 
brand-new $44,000,000 assembly-line 
six months long. Today it is turning 
out America’s most urgent defense 
weapons: flying men—300 of them 
a month. It’s the world’s largest na- 
val air station. Yesterday, it seems, 
it was a waste of sand dunes and 
mesquite. With a total acreage of 
14,500, Corpus Christi has 29 sepa- 
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WITH THE GREATEST OF EASE” 


Conversation with ground stations and with other ships in flight is vital to this pilot of one 


of the celebrated Army P-40's. 


Note the throat microphone, which transmits the voice 


clearly but not motor and other extraneous noises 


rate air fields. Twenty-five are prac- 
tice landing fields scattered over two 
counties. Only the main base and 
three auxiliary fields are edged with 
dormitories and administration build- 
ings, however, so that the huge air 
campus will have four separate dial 
PBX systems—an 800-line 701-A 
PBX with five 605-A positions for 
the main base, two unattended 100- 
line 711-A’s and a single-position 
701-A for the auxiliary fields. Will 
have? On June 7 all four PBX’s 
went into service simultaneously, six 
weeks after Western Electric instal- 
lers put in their first appearance. 
Equipment for the main base was 
ordered April 9, shipped on the 23rd. 
Installation began on the 28th. West- 


ern Electric’s two Texas distributing 
houses established a record, too, by 
shipping poles, cable, and five posi- 
tions of manual PBX to provide tele- 
phone facilities preliminary to the of- 
ficial dedication of the base last 
March 12. Moreover, W. E. men 
have installed six new toll positions 
in Corpus Christi’s central office, an 
added capacity that in normal times 
would provide for growth over a pe- 
riod of some years. 

Air-base telephone communication 
is, necessarily, highly versatile. The 
elaborate crash alarm system at Cor- 
pus Christi will send crash boats, am- 
bulances, crash wagons racing to the 
rescue inside a minute and a half 
after an accident report is received. 








Corpus Christi and Blanding have 
been cited here in some detail not 
because they’re unusual, but because 
they aren’t:—that is, in reference to 
military construction which is being 
accomplished in many places through- 
out the country. Multiply these two 
instances by the total defense picture 
and you have the reason for unprece- 
dented production figures at Haw- 
thorne, Kearny, and Point Breeze, for 
the accelerated pace of distributing 
house service, for new installation rec- 
ords. 


For the Armed Forces 


Corpus Curist1 and its swarms of 
canary-colored primary trainers— 
“yellow perils” in cadet slang—call to 
mind another Western Electric de- 
fense contribution. 

Backed by Bell Telephone Labora- 
tories and a quarter century of avia- 
tion radio experience, Western Elec- 
tric, with little or no fanfare, has been 
turning out radio telephone equipment 
used by all major United States air- 
lines and hundreds of private fliers. 
That experience is bearing fruit to- 
day. The Specialty Products Divi- 
sion at Kearny has Government or- 
ders approaching a total of $100,000,- 
000, a major share of which is for 
light-weight, low-powered aviation ra- 
dio equipment for installation in 


America’s rapidly multiplying squad- 
rons of training and fighting planes. 
The balance of these orders calls for 
high-powered radio equipment for use 
on the ground, and also for special 
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telephone, amplifier, and loudspeaking 
equipment for installation on the new 
battleships, cruisers, and aircraft car- 
riers that are sliding from the ways in 
ever increasing numbers. Work on 
Specialty Products contracts is pro- 
ceeding at all three Western Electric 
manufacturing locations, and, in line 
with the announced policy of the Of- 
fice of Production Management, mil- 
lions of dollars in sub-contracts have 
been let. Thus Western Electric’s ex- 
perience in the manufacture of broad- 
cast transmitters, of radio telephones 
for use on land, on sea and in the air, 
and of public address systems and 
other miscellaneous items fits smoothly 
into the defense program. 


Waar the future may bring, no one 
can say with certainty. But as the 
present danger to democracy becomes 
more clearly seen—or, perhaps, better 
comprehended—surely this country’s 
exertions to avert it will be redoubled. 
More and heavier demands will be 
made upon the Western Electric Com- 
pany, as upon all industry: upon its 
plants and equipment, upon the re- 
sourcefulness of its management, and 
upon the loyalties of its employees. 
Along with all the other units of the 
Bell System, the Western Electric 
Company will continue to contribute 
in unstinted measure to the provision 
and maintenance of the country’s es- 
sential communication service. West- 
ern has a job to do for national de- 
fense, and to the limit of its resources 
and capabilities it will keep on doing 
it. 
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To the People of Two Isolated Islands in Chesapeake Bay, a 
Recently Established Radio Telephone Circuit Brings Contact 
with the Bell System’s Mainland Network 


By EUSTACE FLORANCE anp AUSTIN BAILEY 


peake Bay, 90 miles or so, as the 
crow flies, southeast of the dome 
of the United States Capitol, lie Smith 
and Tangier Islands. These islands 
were settled near the end of the seven- 
teenth century, by English from the 
Colonies. Although these folk and 
their descendants have always been 
seafaring, they have had but infre- 
quent contacts with their neighbors 
on the mainland. They have been 
fishermen, but the sea could not sup- 
ply their every need. For two and 
a half centuries, summer and winter, 
the men of these islands have fought 
to keep open a sparse network of boat 
channels, their only outlet to the town 
of Crisfield, twelve miles away on 
Maryland’s eastern shore. Through 
these channels, in sail boats, power 
boats, and barges flow all those com- 
modities of commerce not taken from 
the sea that go to support 2,200 souls. 
Not all of this has been food and ma- 
terial things. Part of it has always 
been a precious freight of words, writ- 
ten or borne by messenger; words that 
asked and answered, that sought and 
gave help or comfort. 
Shifting sands, strong winds, or 


L the shallow waters of the Chesa- 


choking ice sometimes blocked these 
channels; but even when the elements 
were friendly, the time and exertion 
required to convey a single word 
across the Bay was hardly less than 
would have brought a cargo of lumber 
or flour. 

In recent years, while the islanders 
spent the seasons oystering and crab- 
bing, caulking boats, or marking chan- 
nels, others elsewhere explored and 
devised channels of a vastly different 
sort. It was inevitable that one of 
these new channels, dug out of the 
mystery of electricity by scientists in 
distant laboratories, should find a 
swift route above the boat channels 
to carry this traffic of words across the 
water barrier in calm or in storm. 

The need for swift communication 
with the two islands had long been 
cbvious. In years like 1936, when 
Chesapeake Bay froze almost solid, 
and even ice-breakers could not pene- 
trate Tangier Sound, word spread 
abroad that aid was sorely needed by 
the residents of Smith and Tangier 
Islands. Then the Red Cross and 
Coast Guard codperated to send suc- 
cor to the starving islanders by air- 
plane and parachute. Hazardous 
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Tuetr [soLATION ENDED 


Radio telephone service now links Smith and Tangier Islands, in Chesapeake Bay, with the 
Bell System's wire network at Crisfield, on the eastern shore of Maryland 
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HARBOR AT TANGIER 


Bell System engineers came ashore here frequently during the past winter. The island was 
discovered and named by Captain John Smith in 1608 


days such as these were not the only 
occasions when communication was 
sorely needed; but, of course, it was 
most essential at such times. 


Providing Emergency Service 


TrrerHone connection by submarine 
cable had often been considered, but 
both shallow water and extensive 
oyster dredging would make any cable 
insecure. This fact led to repeated 
rejection by telephone engineers of 
all such cable projects. Progressive 
developments in the art of radio 
telephony suggested new approaches 
to the problem. As soon as suitable 
radio telephone equipment became 
available, the local telephone com- 
pany made provision for at least the 
emergencies by establishing on the 
islands portable units for voice com- 
munication with the mainland. Re- 
stricted though it was, this service 


proved its worth: when ice threatened 
to block the channels, emergency calls 
summoned ice breakers from the U. S. 
Coast Guard, while other calls sought 
and secured medical advice or traced 
the movements of the mail boat and 
other craft that were over-due. Dur- 
ing three months in the winter of 
1939-40 alone, more than a hundred 
emergency calls were completed. 
Much development work was neces- 
sary, however, to construct a tele- 
phone system that would be adequate 
for general commercial service: radio 
transmitters, radio receivers, and 
power supply that would operate con- 
tinuously, dependably, and automati- 
cally with a minimum of supervision. 
Working together for nearly half a 
year, engineers of the Chesapeake and 
Potomac Telephone Companies, the 
Bell Telephone Laboratories, the 
Western Electric Company, and the 
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Rapio TELEPHONE EQUIPMENT ON THE MAINLAND 
Receiving antenna and 


On these poles is the apparatus for communicating with the islands. 
equipment are on the pole at the left, and at the right are not only transmitting antenna and 


equipment but an automatically-operating emergency power supply 
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On Situ IsLAND 


This is Main Street in Ewell. Since there are no vehicles larger than hand carts and 
bicycles here, this narrow “highway” is both safe and picturesque 


A. T. and T. Company devised such 
a system. 

Many times during the past winter, 
often when the passage was coldest 
and windiest, telephone and Labora- 
tories men visited the islands to direct 
the installation of equipment and to 
line up the circuits. As visitors are 
few on Smith or Tangier, Bell System 
men soon became known, and each 
step of the project had its interested 
audience. 


Telephone Service at Last 


Last February, with the opening of 
a reliable radio telephone link which 
could be used for any messages, these 
two islands were connected with the 
nation-wide telephone network of the 
Bell System through the Crisfield tele- 
phone exchange. The radio link 
equipment consists of radio trans- 
mitters and receivers operating at 


frequencies around 160,000 kilocycles 
—the highest frequency in Bell Sys- 
tem commercial radio telephony to- 
day. The channel is controlled from 
the Crisfield telephone office, and pro- 
vides a circuit between Crisfield and 
Smith Island, Crisfield and Tangier 
Island, and between the two islands 
through Crisfield. In effect, a forked 
radio channel has been devised, engi- 
neered to cut the tine to one island 
when operating with the other. 

The mainland radio station is in a 
marsh near Jenkins Creek, just out- 
side the village of Crisfield. Here 
the equipment is all housed in pole 
boxes. The radio receiver is on one 
pole, which is likewise the support for 
the beam antenna used for receiving. 
The balance of the radio equipment— 
largely radio transmitter, control 
units, and beam transmitting antenna 
—is supported by another pole about 
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An IsLaANpD TELEPHONE INSTALLATION 


The switch at the right of the instrument on the wall gives access either to the radio telephone 
circuil to Crisfield or to the local wire circuit for conversation among the islanders 


30 feet away from the first. Between 
this latter pole and a stub pole about 
5 feet distant is a platform which sup- 
ports an emergency power supply 
generator which will start automati- 
cally if there should be an interruption 
of the regular power. 

On the islands other sixty-foot an- 
tenna poles, towering over the flat 
marshlands, disclose from afar the 
location of the sending and receiving 
apparatus and wholly automatic gaso- 
line engines which generate the neces- 
sary power; all snugly fitted into di- 
minutive huts which gleam white in 
new paint. 

To give the inhabitants on the is- 


lands convenient access to the service, 
four telephones have been provided on 
each island, strategically placed in 
village store or dwelling. A flip of a 
key switches these instruments off the 
radio connection and onto a magneto 
line to furnish local talking facilities 
which run the length of each settle- 
ment. 


Voices from Afar 


Construction and testing completed, 
the day came for opening of the serv- 
ice. On the fourteenth of February, 
shortly after nightfall, most Smith 
Islanders made their way on foot 
down Main Street in Ewell to the 
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community hall. In the dim light of 
kerosene lamps, men and boys in rub- 
ber boots and heavy clothing and 
women in shawls awaited, perhaps a 
little skeptically, the events of the 
evening. On an improvised stage a 
pair of telephone men put finishing 
touches to the installation of a tele- 
phone and loudspeaker. The gather- 
ing showed polite interest throughout 
an explanation of the new system; all 
attention stiffened as the wife of the 
island’s clergyman took her place by 
the telephone on the stage. A moment 
later the greetings of Maryland’s 
Chief Executive, speaking from the 
State Capitol, sounded through the 
hall. 

Those ceremonial congratulations 
completed, she placed another call, 
and nodding heads and smiles re- 
vealed excited pleasure as the voice 
of Captain Whitelock—skipper of the 
mailboat—poured clearly and famil- 
iarly from the amplifier: “It’s a great 
thing the telephone people have done 
for us folks.” All knew the Captain’s 
words came from a hospital bed in 
Baltimore, but few could comprehend 
how—through aerial, submarine, and 
underground cable, overland and un- 
der the Chesapeake Bay to Crisfield, 
then out through the air across the 
water—his voice flashed into the 
meeting hall. Captain Whitelock has 
for many years piloted messages into 
Smith Island ports through the slow 
channels of the Bay, and it was fitting 
that he should be among the first to 
use this new channel of the air to 
bring his message to those he has 
served so faithfully. 

The following day, with telephone 
and loudspeaker, Bell System men 
sailed up to the peaceful boat landing 


New CHANNELS FOR OLD 


135 


at Tangier, Va., and went to the town 
hali there to install their equipment. 
In the early hours of the evening a 
group of nearly 400 interested people 
gathered to witness the ceremonies at- 
tendant upon the opening of telephone 
service to the mainland. Although 
everyone was interested in the ex- 
planation of the new telephone system 
and how it could be used, that in- 
terest was intensified when the min- 
ister of the island placed a call to the 
Governor of Virginia, in Richmond. 
Clearly they all heard the greetings 
from the Executive Mansion. 


To the District Manager of the 
Chesapeake and Potomac Telephone 
Company at Salisbury, Md., came re- 
cently a letter which was signed by 
the Mayor, the Treasurer, and the 
Clerk of the Town of Tangier, Va. 
In it these gentlemen said, in part: 


“Inquiries come to us from time 
to time concerning the telephone 
and its service to the Island. After 
three months we can truly say its 
convenience, efficiency, and satis- 
faction in service are daily being 
increasingly realized. 

“Shakespeare said, ‘Some are 
born great, some achieve greatness 
and some have it thrust upon them.’ 
Concerning Tangier and the tele- 
phone, even before it is needed for 
emergency service, there is a sense 
of comparative greatness about it 
that means progress. . . .” 


So science, and the skill and the 
enterprise of many people—executives 
and engineers, business men and boat 
men, installers and others—have lifted 
the voices of these lonely people out 
of dependence upon the slow channels 
of the water and into the swift chan- 
nels of the air. 














EVOLUTION BY DESIGN 


The Purposes and Methods of the Bell Telephone Laboratories 
Are Exemplified in the Continuing Program of Development of 
Three Plant Items: Drop Wire, Relays, and Receivers 


By REGINALD L. JONES 


© the telephone subscriber, the 
“drop wire” which is_ sus- 


pended between his house and 
the telephone pole line may seem to 
be of quite ordinary nature. If he 
should examine it, he would find it to 
be oval in cross-section, about one- 
fourth inch in its greater dimension, 
and to consist merely of two conduc- 
tors symmetrically imbedded in rub- 
ber insulation covered by impregnated 
cotton braid. The plant man, how- 
ever, knowing by long experience the 
many hazards to which drop wire is 
subjected, recognizes it as a highly 
specialized product, developed by the 
Bell Telephone Laboratories with 
painstaking care to fit its particular 
purpose. 

Of all the parts of the exchange 
telephone plant, the drop wire oc- 
cupies the most vulnerable position. 
It must support itself in the gap be- 
tween building and pole line, of either 
cable or open wire, no matter whether 
the distance be long or short. In 
many cases, it must pass through 
trees or other obstructions which may 
rub against it and finally wear it 
through. Damaged insulation admits 
moisture, which corrodes the con- 


ductor, thus gradually reducing its 
strength, and which also causes the 
subscriber’s line to become noisy or 
perhaps to fail altogether. Because 
of the addition of new subscribers, 
changes in residence of old subscrib- 
ers, and service changes, about four 
hundred million feet of new drop wire 
are needed by the Bell System each 
year. Obviously, low cost is an im- 
portant requirement. 


The Evolution of Drop Wire 


Tue use of drop wire is almost as 
old as the telephone art itself. Work 
toward improving its performance has 
been carried on since the earliest 
days; but the major improvements 
have been made during the past fifteen 
or twenty years, as a result of general 
advances in chemical and metallurgi- 
cal processes. 

Let us pick up the development 
about the year 1928. By this time it 
had become evident, from analyses of 
field results and by Laboratories tests 
of the product, that a major source 
of trouble with the then standard wire 
was failure of the insulation at the 
pole and building attachments, be- 
tween which the wire was suspended. 
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ProTEcTIVE APPARATUS AT SUBSCRIBERS’ PREMISES 


Near the point where the drop wire enters a building, a protective device is installed to dis- 
charge harmlessly any stray current of excess vollage which might accidentally be on the 


outside telephone wires. 


The new one-piece porcelain protector at the right is cheaper to 


make and is better adapted for mounting in homes of modern construction than is the 
protector of older design 


It was known that this was due pri- 
marily to the fact that as the rubber 
aged, it gradually lost part of its elas- 
ticity and strength and finally became 
brittle. Development work was un- 
dertaken with two objectives: to de- 
sign a suspension attachment which 
would distribute the gripping pressure 
of the attachments over a wider area 
of the rubber, and to obtain a rubber 
having better physical characteristics. 

Up to that time, the suspension de- 
vice had consisted of a porcelain knob 
attached to a bracket, the wire being 
looped around the knob and secured 
by a tie wire. A clamping device was 
developed in which the wire was laid 
in a slot with a tapered wedge in such 
a way that the harder the pull on the 
wire, the tighter became the gripping 
action of the wedge. This wedge- 
type clamp, because of its relatively 
large gripping area, reduced the unit 
pressure on the insulation to a satis- 


factory level. Basically, it is the drop 
wire clamp in use today, although a 
number of design improvements have 
been made since it was first devised. 

“Rubber” insulation such as is 
used on drop wire is a complicated 
compound of which rubber itself is 
only one of the constituents. The 
compound includes sulphur, “mineral 
rubber,” which is an air-blown as- 
phaltic compound, and “mineral fill- 
ers” such as whiting and zinc oxide; 
it also contains organic materials 
known as antioxidants (to retard 
aging) and accelerators (to hasten 
vulcanization). |The Laboratories 
technicians to whom fell the job of 
securing a better rubber were faced 
with the essential problem of finding 
the particular mixture of ingredients 
which would best meet the require- 
ments of drop wire insulation. 

It soon became evident that, as a 
first step, it would be necessary to 
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devise improved testing techniques 
for evaluating the relative worths of 
various mixtures. To replace the 
tensile strength testing apparatus 
then available, the Laboratories en- 
gineers developed a device for deter- 
mining the compressive strength of 
rubber as insulating cover on a con- 
ductor. At about the same time, there 
became available a device known as 
an “oxygen bomb,” in which samples 
of drop wire insulation could be arti- 
ficially aged by exposure to oxygen at 
high pressure and elevated tempera- 
ture. With these new test tools, and 
with a large previously acquired 
knowledge of rubber characteristics, 
the engineers prepared and _ tested 
many kinds of rubber compound. Af- 
ter several years of laboratory work, 
an insulation was evolved which was 
much superior to the old from the 
standpoints of crushing and aging. 


Dorrnc this same interval, the 
Western Electric Company, in co- 
operation with Bell Laboratories en- 
gineers, developed a new technique for 
manufacturing drop wire, by means of 
which the insulation was extruded 
around the conductors in unvulcanized 
form and then vulcanized in one con- 
tinuous operation. This replaced the 
former method of extruding unvul- 
canized wire into pans of talc or 
soapstone and then vulcanizing in the 
pan. The new manufacturing process 
was simpler and less expensive than 
the old; but, together with the better 
rubber compound, it accentuated a 
problem which, while troublesome 
with the older form of wire, had been 
partly masked by other deficiencies. 
This problem was the tightness with 
which the rubber adhered to the con- 
ductors. 
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A good bond between rubber and 
conductor is essential in order to pre- 
vent the conductor from slipping 
through the insulation at a point of 
clamping, thus causing the rubber 
and surrounding braid to take more 
than their share of the strain, and to 
break. In the older wire, the bronze 
conductor was tin coated, primarily 
to prevent corrosive reaction between 
the sulphur of the rubber and the 
copper constituent of the bronze. The 
adhesion between tin and rubber was 
strong when the wire was new, but de- 
creased rapidly with age. The Lab- 
oratories engineers found that by 
placing a thin layer of brass, of a 
closely controlled copper-zinc compo- 
sition, next to the rubber, good adhe- 
sion was secured not only when the 
wire was new but during service. 
However, it would not have been satis- 
factory to deposit the brass directly 
on the bronze conductor, due to the 
resulting diffusion of the zinc into the 
bronze. To overcome this difficulty, 
and at the same time to afford cor- 
rosion protection, a coating of lead 
alloy was placed over the bronze con- 
ductor before the brass coating was 
applied. 

During this same period, the bronze 
conductor itself received development 
attention. A new bronze was evolved, 
containing a larger amount of tin 
than the older bronze. This bronze 
was stronger, permitted the size of the 
conductor to be reduced, and at the 
same time met the electrical conduc- 
tivity requirements for drop wire. 


Tue cotton braid covering of drop 
wire is needed to protect the wire 
from abrasion, and from sunlight, 
which would tend to cause cracking 
To improve its dura- 


of the rubber. 
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TRANSFORMERS 


They form part of the repeaters used to amplify the currents at regularly spaced intervals 


along telephone toll lines. 
repeater. 


At the left is the transformer associated with an early type of 
The widely used transformer in the center has been superseded recently by the 


smaller one at the right, which requires less space and is improved electrically 


bility and increase the abrasion re- 
sistance, the braid is treated with 
weatherproofing compound. Many of 
these compounds have been studied. 
The present treatment involves satu- 
rating the braid with a mixture of se- 
lected asphalts and waxes, followed 
by a coating of stearine pitch and, 
finally, by a coating of ground mica. 

The decrease in conductor diameter 
has made it practicable to use a 
heavier cotton braid and a correspond- 
ingly greater amount of weatherproof- 
ing compound than in the older wire, 
thus further increasing durability and 
abrasion resistance and at the same 
time retaining the former cross-sec- 
tional size. Retention of size makes 
it possible for the plant man to use 
the same “braid stripper” for both 
new and old wire, avoiding duplication 
of installation tools. 


Thus, during the period from about 
1928 to 1938, there was evolved a 
drop wire which has longer life, better 
adhesion, and higher abrasion resist- 
ance, but costs no more than the wire 
it replaces. The Laboratories, never- 
theless, at outdoor test stations located 
at San Antonio, at Miami, at Chester, 
New Jersey, and at the New York 
headquarters, continue their search 
for a still better product. 


Organized Development Effort 


Tue development of drop wire is 
typical of the Laboratories method, in 
that it utilized and integrated the 
creative efforts of a number of tech- 
nicians in various fields of research 
and engineering. The telephone plant 
as a whole, with its manifold, inter- 
locking parts, requires a large and 
highly specialized personnel and ex- 
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LoapInGc Com CAsEs 


Each case contains 200 loading coils; each coil consists of many turns of fine wire around a 


ring-shaped magnetic core. 
1750 pounds. 
pounds. 
360 pounds. 


Left, with iron coil cores, made available in 1926, total weight 
Center, with permalloy cores, made available in 1931, total weight 455 
Right, with molybdenum-permalloy cores, made available in 1937, total weight 
Loading coils are placed at intervals along a telephone line when it is desired 
lo improve the efficiency of the circuits by “loading.” 


The cases shown here are for use with 


exchange cable; other types for use on both exchange and toll lines have been similarly improved 


tensive facilities to meet its needs for 
coincident developments. To carry on 
the necessary work, the Bell Telephone 
Laboratories employ about 2,000 sci- 
entists and engineers; 1,000 drafts- 
men, laboratory assistants, skilled 
mechanics, and artisans; and a total 
personnel of over 4,800. 

The Laboratories’ headquarters are 
in New York, in a ten story building 
occupying an entire city block and 


containing the multitude of individual 
laboratories, machine shops, drafting 
rooms, and paraphernalia necessary 
for the functioning of an organiza- 
tion of this kind. In addition, aux- 
iliary laboratories for special purposes 
are located at a number of points in 
New Jersey, and include an outside 
plant laboratory at Chester, radio lab- 
oratories at Whippany and Holmdel 
and Deal, and a chemical laboratory 
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Jornts IN OpeN-WirE TELEPHONE LINES 


Below are a twisted-sleeve joint and one of the pair of sleeve-twisters used to make it. 


Before 


twisting, the sleeve is in the form of straight twin tubes slightly larger than the wire in 


diameter. 


{bove are the more recently developed rolled-sleeve joint and the rolling tool. 


The wires are inserted in opposite ends of the sleeve, and the tool is applied at one end of the 


sleeve and rolled along to the other end by turning the handle. 


Applying pressure of aboul 


one ton, this process reduces the diameter of the sleeve to a tight grip on the wire, as strong 
as the wire itself and free from corrosion difficulties 


at Summit. These are used for de- 
velopment projects which require large 
amounts of space or special test con- 
ditions not available in New York 
City—as for instance, a study of the 
effect of wind on open wire lines. 


Tue technical forces of the Labora- 
tories are organized in three general 
departments: Systems, Apparatus, 
and Research. The Systems Devel- 
opment Department formulates cir- 
cuits and assemblies to serve both 


switching and transmission needs of 
the Bell System plant, and prepares 
switchboard and central office equip- 
ment specifications for manufacture 
and installation. The Apparatus De- 
velopment Department designs and 
specifies most of the items of appa- 
ratus and material used at subscrib- 
ers’ stations, in central offices, and in 
the outside plant. The Research De- 
partment conducts fundamental stud- 
ies in physics and chemistry, empha- 
sizing particularly the branches of sci- 
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ence underlying communication phe- 
nomena and materials. 

By careful planning, the work of 
each department is codrdinated within 
itself and with that of other depart- 
ments. An important phase of this is 
the continuous dissemination, to each 
group, of knowledge concerning the 
new materials, processes, apparatus, 
and circuits which are being worked 
on by other groups. This is done by 
conferences of key engineers, by the 
circulation of technical memoranda, 
by lectures in the Laboratories audi- 
torium, by articles in the Bell Labora- 
tories Record, and, perhaps most im- 
portantly, by the day-to-day contacts 
which result from the centralized as- 
sociation of a large group of people all 
skilled in the technical aspects of the 
telephone art and the sciences which 
underlie it. 


A case in point is the development 
for telephone use of certain oxide 
mixtures which have the characteristic 
that their resistance to electric cur- 
rent decreases rapidly with increase 
in temperature. Basic laboratory 
studies led to the conclusion that such 
mixtures could be usefully employed 
to meet several immediate needs of 
the telephone art and that probably 
they could be adapted advantageously 
to other needs. 

By means of lectures held in the 
Laboratories auditorium, the tech- 
nical staff was made familiar with the 
theoretical possibilities of the mix- 
tures and the applications in prospect 
up to that point. A new tool, the 
“thermistor,” thus became a part of 
the working capital of the Labora- 
tories engineer. Within a short time, 
thermistors were being developed for 
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such diverse purposes as controlling 
the operation of a supervisory relay 
in a toll trunk circuit, keeping con- 
stant the amount of output power of 
a cable carrier repeater with changes 
in input power, and stabilizing the 
transmission loss of a telephone cable 
circuit with changes in cable tempera- 
ture. 

With these Bell System resources 
for laboratory study, analysis, and ex- 
periment in mind, let us further ex- 
amine in broad outline the recent de- 
velopment histories of two familiar 
telephone parts which, like drop wire, 
have been in use since earliest days. 


The Telephone Relay 


ly a telephone central office, whether 
local or toll, large or small, there 
are many contrivances for establish- 
ing the connections and guiding the 
voice currents to their destination. 
Each has reached its present form 
as a result of a large amount of 
development effort. We shall focus 
our attention on one: the relay, which 
is the automatic switching device of 
the telephone network. About ninety 
million relays are in use in the Bell 
System. In some types of dial sys- 
tem, as many as five hundred relays 
may come into play in completing a 
connection between two subscribers, 
and ten or more of these relays may 
remain in action until the subscribers 
hang up. Many relays are called 
upon to operate millions of times dur- 
ing their service lives. Reliability of 
performance, small size, and low cost 
are paramount design objectives. 
The basic relay parts are an elec- 
tromagnet and a switch operated by 
this magnet. The magnet is made of 
a wire-wound iron core and a movable 
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TELEPHONE RELAYS 


The most recently developed type of relay, at the right, is more powerful than the older type 
shown at the left, will operate a larger number of contact springs, and embodies other im- 
provements in design, as discussed in the accompanying tert 


iron piece called the armature. The 
winding is arranged for connection to 
a control, such as an operator’s key, 
the dial of a telephone set, or an- 
other relay. The armature is usually 
hinged at one end, with its other end 
free to move toward the core in re- 
sponse to the magnetic force gener- 
ated by a current in the winding. The 
armature, in turn, operates the switch 
which, in most relays, consists of a 
number of reed-like contact springs 
mechanically coupled to the armature 
and moved by it to make or break 
the desired electrical circuits. Each 
spring is about one-fourth inch wide 
and two inches long, and has a small 
contact point welded near one end. 
The distance over which a spring 
moves is about one-sixteenth inch. 


Tue wire of the magnet spool is 
coated with enamel or silk; but still 
more insulation is needed for such 
purposes as separating the winding 


from the core, spacing the terminal 
wires from the rest of the winding, 
and affording mechanical protection. 
For these purposes, early designs of 
relay employed materials such as 
bookbinder’s cloth and_ ordinary 
paper similar to writing paper. A 
source of trouble with relays has been 
gradual corrosion of the wire, which 
finally causes the winding to open. 
Intensive laboratory study indicated 
that this corrosion was due chiefly to 
impurities in the insulating materials. 
One by one these impurities have been 
eliminated by the development of in- 
sulating materials better suited to the 
purpose. The most recent step in this 
phase of relay development has been 
the substitution of thin sheets of cellu- 
lose acetate for the paper insulation 
of former times. 

In order to retard corrosion, the 
paper insulation of the older relays 
was impregnated with wax. Particles 
of the wax, seeping from the winding, 
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Two Types or Mopern TELEPHONE CABLE 


A quadded toll cable, left, and one form of the recently developed coarial cable, shown in 

cross section, about actual size. The quadded cable contains approximately 150 “quads” 

of paper-insulated wires. The coaxial cable contains two copper conductors, each held 

centrally in a copper tube surrounded by helically-wound steel tape, and also two quads for 

circuil supervisory purposes. Both cables have about the same message capacity. Struc- 
tural details are shown on the opposite page 


would in some cases be deposited on 
the moving parts of the relay, causing 
the armature to stick. With cellulose 
acetate insulation, wax treatment was 
discontinued, and sticking became a 
less serious problem. 

Insulation made of cellulose acetate 
has an additional advantage: it is bet- 
ter adapted than paper to manufac- 
turing processes using automatic coil 
winding machinery. The new in- 
sulating material has made practicable 
several major advances in manufac- 
turing technique, and these have re- 
duced the cost and improved the uni- 
formity of the product. 


Tue most vital part of the relay, 
and at the same time one of the most 
vulnerable, is the tiny projecting con- 


tact welded to the contact spring. 
The shape of this contact and the 
metal of which it is made are of great 
importance in determining the relay’s 
reliability, and have been the subject 
of almost continuous laboratory study. 
Extensive investigations have been 
made of the behavior of contacts of 
various metals and shapes when sub- 
jected to mechanical action and to 
erosion of an electric spark, the 
amount and effect of tarnish, the pres- 
sure required for good contact, and 
the effect of foreign particles. 

Silver, tungsten, platinum, rhodium, 
iridium, gold, and palladium, and their 
alloys, all find use as relay contacts. 
Years of experience have shown that 
precious metals are better than base 
metals for contact purposes. For 
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COMPONENTS OF CABLES 


Al the lop is shown one of the two coarial conductors pictured in the cable at the right on the 
opposile page. The central wire is held in place by insulating discs and enclosed in a copper 
tube which is wound about by two steel tapes, and is enclosed, with its twin and two sets of 
quads, in a lead sheath. Below is a quad, composed of four copper wires, each wrapped 


in paper insulation and then twisted together. 


Coaxial cable is cheaper per mile to make 


than the quadded cable shown opposite, but requires more expensive terminal equipment 


many kinds of relay, silver or pal- 
ladium is the most satisfactory. As 
regards shape, the older contact, with 
its pin-head contour, has been re- 
placed by one in the form of a tiny 
bar about one-sixteenth inch long and 
one-sixtyfourth inch high. The bar 
of one spring is mounted horizontally 
and the bar of its companion spring 
vertically, so that the two contacts, 
when touching each other, are in the 
form of a cross. 


F oretcn particles have been a fre- 
quent source of relay trouble. The 
air is full of minute objects: drops of 
moisture, bits of hair, soot and coal, 
metallic particles, fibers of cotton, 
silk, and wool. With the thousands of 
relays in a central office, it is not sur- 
prising that at times one of these float- 


ing particles should lodge on a contact 
surface and prevent proper closing of 
the contacts. 

To diminish troubles from this 
source, individual covers have been 
used to keep the dust away, the con- 
tacts have been mounted in vertical 
planes to minimize accumulation of 
dust by settling, and air filtering 
equipment has been used in some 
cases. A recent improvement which 
is very effective is a relay spring hav- 
ing double contacts. 

The advantage of twin contacts 
over the former single contact can be 
illustrated by an extreme example of 
atmosphere wherein dust particles are 
so dense that at every thousandth 
operation a contact, when pressed 
against its mate, will close over a 
piece of dust or lint, and thus fail to 

















. TELEPHONE RECEIVERS 
The desk-stand receiver, above, has been largely superseded by the hand-sel receiver below. 
Differences between them are described in the text on the opposite page 
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operate. If now the contact on each 
spring is split into two independent 
members, the chance of a particle 
falling between the second set of con- 
tacts will also be one in a thousand; 
but the likelihood of two particles of 
dust falling at the same time, one be- 
tween each of the sets of contacts, 
will be one-thousandth as large, or 
one in a million. Field experience has 
indicated that with the twin contact 
arrangement, as used in_ practice 
where the two contacts are not inde- 
pendent, the improvement in reliabil- 
ity of operation is about ten-fold. 


Reray springs must be properly di- 
mensioned and mounted. Otherwise, 
when they close they may bounce 
apart and flutter back and forth for 
a few thousandths of a second. The 
consequent “chattering” of the con- 
tacts results in excessive contact wear, 
and may cause false switching opera- 
tions. Studies of spring shape and 
mounting have been an important 
phase of Laboratories’ design. As 
part of this work, high speed motion 
picture apparatus developed by the 
Laboratories has been utilized to 
photograph in “slow motion” the 
rapidly moving relay parts. 

Another objective in development 
studies has been the improvement of 
the electrical and mechanical efficien- 
cies of the relay so that a smaller op- 
erating current is required and the 
load on the central office battery is 
reduced. In recent years, this phase 
of the work has received added em- 
phasis as the number of circuits con- 
trolled by a relay has increased, due 
to advances that have been made in 
automatic switching systems. In re- 
lays of more recent design, the cores 


of the windings are somewhat larger, 
the shape and material of the magnet 
are altered, and the armature hinge is 
improved, in order to increase the 
pulling power. By these means, suffi- 
cient power has been added not only 
to permit the use of more springs 
but to increase the pressure per spring 
and also the distance over which the 
armature and springs move. The 
greater pressure has served to increase 
the reliability of operation. The 
greater swing provides surplus move- 
ment which is utilized to take up wear 
on the contacts and so to increase 
service life. 

Thus the development of the tele- 
phone relay goes forward: contact 
materials and shapes, elimination of 
chatter, protection from dust and dirt, 
improved magnetic structures, better 
windings—all are being studied by 
the Laboratories in the constant effort 
to provide more efficient and trouble- 
free telephone apparatus. 


The Telephone Receiver 


Ix Bell's original telephone, the 
sound waves of the voice caused a 
piece of magnetic material to vibrate 
in the field of an electromagnet, and 
thus to generate in the coil of the 
magnet a varying current. At the re- 
ceiving end of the circuit, this current 
passed through a similar coil and 
caused another piece of magnetic ma- 
terial to vibrate, reproducing the origi- 
nal sound waves. In the earliest com- 
mercial telephone receivers, the elec- 
tromagnet was replaced by a perma- 
nent magnet, the coil was placed 
around an iron pole-piece attached to 
the end of the permanent magnet, and 
the vibrating piece of magnetic mate- 
rial was a disc of iron. 
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APPARATUS IN THE |TELEPHONE SET 


Above are the ringer, induction coil, and condenser used in a telephone of older design. 
Below are the improved ringer, induction coil, and condenser for the latest type of telephone 





This same general arrangement for 
converting electrical energy into sound 
energy has continued in use through- 
out the development of the telephone, 
and is found today in the many mil- 
lions of telephone receivers in service 
in this country and throughout the 
world. However, although the operat- 
ing principle has not changed, many 
improvements in receiver design have 
been made as the years have gone by. 
Up to about 1927, these improvements 
were of such nature as not to alter 
radically the instrument’s general ex- 
ternal appearance. The hang-up re- 
ceiver of the desk stand of that time 
bore a resemblance to the receiver of 
earlier days, although it was ten times 


ey 





as efficient. With the advent of the 
hand set, in which the transmitter and 
receiver are mounted as a handle-like 
unit, both the appearance and the in- 
ternal design were radically changed. 

The extent of the change in internal 
design is indicated by the fact that 
the receiver unit of the hand set 
weighs only about three ounces, as 
compared with ten for the unit of the 
desk stand. 

Until about four years ago, the tele- 
phone receiver was so designed that 
its diaphragm was clamped rigidly 
around its edge by the receiver cap. 
This arrangement produced a vibrat- 
ing element which was most efficient 
at its natural period of vibration. 
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The thickness and diameter of the 
diaphragm were so proportioned as to 
place the maximum efficiency at about 
1,000 cycles per second (two octaves 
above middle C on the piano). This 
placed the greatest response of the 
receiver at a tonal pitch in the middle 
of the voice range. While emphasis 
on sounds in this range was helpful 
in producing loudness, the naturalness 
of voice reproduction was of course 
somewhat impaired. 


Iw the meantime, receivers and loud 
speakers for high-quality speech re- 
production, such as those of public 
address and broadcasting systems, had 
been developed by the Laboratories to 
a point where they operated with 
satisfactory loudness without dia- 
phragm vibration at its natural fre- 
quency. The designs were relatively 
complicated, however, and extensive 
development work was required to 
adapt the principles involved to the 
small receiver unit of a telephone set. 
The more important features of these 
high quality systems were incorpo- 
rated in a Bell System hand set placed 
in production about 1937. 

In the improved receiver, the per- 
manent magnet is made of an alloy of 
cobalt, molybdenum, and iron, instead 
of the former cobalt-iron alloy; the 
pole-pieces are of permalloy instead of 
silicon steel; and the diaphragm is 
made of permendur instead of mag- 
netic iron. By proper design of the 
dimensions of the air spaces in front 


of the diaphragm and behind it, and of 
the openings connecting these spaces 
with the ear and with the housing of 
the receiver, and by using better mag- 
netic materials, with a consequent in- 
crease in efficiency, it has been practi- 
cable to obtain a naturalness of speech 
reproduction far beyond that of previ- 
ous receivers and with no material 
decrease in loudness. 

Thus, the telephone receiver, rely- 
ing for its operation on the same basic 
principle conceived by Alexander Gra- 
ham Bell, has over the course of the 
years been greatly improved in effi- 
ciency and in quality of sound repro- 
duction, and at the same time has been 
reduced in size and weight. 


Turse development histories are 
illustrative of the manner in which 
Bell Telephone Laboratories perform 
their function of designing telephone 
equipment to meet Bell System needs. 
Drawing upon field experience and 
ideas, as reported to them by the 
American Telephone and Telegraph 
Company and the associated telephone 
companies, and upon observations and 
ideas of their own specialized tech- 
nicians, the Laboratories constantly 
survey each over-all operating mecha- 
nism and each component part, no 
matter how small, and continuously 
bring into being new and improved 
kinds of apparatus for telephony and 
its related arts of electrical communi- 
cation. 
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Tue First TELEPHONE Directory Ever PUBLISHED 


In the early years of the telephone, subscribers were listed by name only, and each operator 
ai the switchboard was by way of being an Information operator 








PROVIDING THE INFORMATION SERVICE 


Specially Developed Equipment, and Operating Practices Adapted 
to Local Requirements, Have Brought About a Pleasing Service 
Supplemental to the Regularly Published Directories 


By FRED C. BAURENFEIND 


HE responds to your call with 
S a pleasant ‘“Information’—to 

your call and to three million 
others which are handled daily by over 
ten thousand employees engaged in fur- 
nishing Information service through- 
out the Bell System. If you live in a 
small community, perhaps you recog- 
nize her voice, for frequently she alone 
is responsible for handling the calls 
which reach Information. In the 
larger cities, she may be one of as 
many as five hundred operators re- 
quired every day to give this service. 
In either case, she takes her responsi- 
bilities seriously, and is anxious to 
serve to the best of her ability those 
who consult her. She is interested in 
her job, for in it there is variety—a 
variety of calls and requests which 
keep her abreast of the happenings in 
her community. 

There is the housewife who likes to 
shop by telephone, for instance, and 
wants the telephone number of the 
new grocery store on the corner; the 
young lady, home from school, who 
wants to telephone for an appointment 
with a certain hairdresser recom- 
mended by her roommate but whose 
number she has been unable to find in 


her directory; the young man who is 
trying to locate the telephone number 
of that good-looking girl he met at a 
party the night before. There are 
calls for the telephone numbers of 
hotels, airports, and railroad terminals 
from visitors in town; calls for the 
telephone numbers of prominent 
people; the urgent request for an am- 
bulance, or the call from a youngster 
who is in some difficulty and asks the 
assistance of Information in obtaining 
the telephone number of the family 
doctor. There are requests for tele- 
phone numbers from salesmen, profes- 
sional men, and business executives 
who find the services of the Informa- 
tion operator invaluable in their day- 
to-day telephone communications with 
their customers and associates. 

Then, of course, there is always the 
unusual situation in which the opera- 
tor’s experience and good judgment 
play an important part—as, for ex- 
ample, the cleaning matron who finds 
herself locked in the building and 
wants to know how to get out. An- 
other customer wants to know the tele- 
phone number of some one in the dead 
flower business (he means artificial 
flowers), another wants advice on 
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some domestic problem. There is also 
the appeal from the elderly person 
who is ill and unable to take Buster, 
her dog, for his usual walk in the 
park. Can the operator suggest any- 
thing? Fortunately, yes, for a search 
of her records reveals the existence of 
a “dog walking service,” the telephone 
number of which is suggested to the 
calling customer—and Buster once 
again is happy and well taken care of. 

While the Information operator ob- 
viously cannot supply the answers to 
all questions which are asked of her, 
she is usually able to do so better than 
nine times out of ten and, on the aver- 
age, in about half a minute. Consider- 
ing the fact that she frequently has 
but very meager details with which to 
search her records, that on about one- 
fourth of the calls she handles custom- 
ers are unable to supply a definite 
name to associate with the telephone 
number desired, that there are unusual 
situations which must be coped with, 
and that there are still a great many 
people who do not have telephones, it 
is not difficult to account for that tenth 
time when she is unable to be of assis- 
tance or must admit of a limit to her 
fund of information. 


In the Early Days 


Iw the early days of the telephone, 
calls were placed by name instead of 
by number. While telephone direc- 
tories were published as early as 1878, 
they were merely lists of subscribers 
to the service and, except as they per- 
haps encouraged the use of the tele- 
phone and stimulated a demand for 
the service, they had no directional 
telephone value. The handling of 
telephone calls by name was a very 
personal service, but as the number of 


telephones in service increased in the 
larger towns and cities, the abandon- 
ment of this practice was inevitable. 
Telephone growth, however, was not 
the only reason for changing to num- 
ber designations. Evidence of an- 
other consideration is expressed in the 
following excerpt from a paper on 
“The Telephone System of Today” 
which was presented in Boston on 
November 24, 1903, at a meeting of 
The Insurance Society of New York: 

“When the telephone central sta- 
tions were first established, the names 
and positions on the switchboard of 
the subscribers were known to opera- 
tors with strong memories; an epi- 
demic of measles occurred in Low- 
ell, Massachusetts, and Dr. Moses 
Greeley Parker, a member of the 
Board of Directors, viewed with 
alarm, from his standpoint as a phy- 
sician, the possible condition of af- 
fairs if more than two of the four op- 
erators should be taken with the 
measles, and proposed that the sub- 
scribers should be numbered. 

“His associates demurred, as they 
were of the opinion that the subscrib- 
ers would give up their telephones 
sooner than submit to the indignity 
of being known by number, but in 
view of the contingency of the service 
being paralyzed they finally yielded, 
and to the surprise of all, the new ar- 
rangement was cheerfully accepted by 
the subscribers, who appreciated the 
improvement in service which resulted 
from the change.” 


Wun the introduction of number 
designations, telephone directories of 
course began to show customers’ num- 
bers. When local operators were re- 


lieved of the responsibility of remem- 
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A Mopern INFormMation Bureau EqQuipPeD WITH FREQUENTLY REPRINTED RECORDS 


Pictured here is one of the largest information bureaus of this type in the Bell System. 

The arrangement of operators’ positions, the accessibility of records, and the privacy afforded 

individual operators conduce to the furnishing of an Information service which is pleasing 
lo customers 


bering the names of all their custom- 
ers, and their locations on the switch- 
board, they were able to concentrate 
on the numbers of new customers 
whose telephones were connected be- 
tween directory issues, and usually 
were able to supply these numbers 
from memory. As the business con- 
tinued to grow, however, this added 
responsibility became too much for 
the local operator, and finally the In- 
formation specialist came into being. 

From its early beginnings, the pro- 
vision of Information service has been 
the subject of the study and develop- 
ment which are characteristic of the 


Bell System’s approach to the task of 
rendering a pleasing and efficient serv- 
ice to its customers. Staff engineers 
at the System’s headquarters in New 
York, as well as the men.and women 
in the operating telephone companies 
who are directly concerned with the 
conducting of the business day by day, 
have constantly under review the 
various phases of this important spe- 
cialized service—the training of In- 
formation operators, the design of 
equipment, the adequacy of records, 
and other aspects of the job—so that 
it shall contribute its share to a tele- 
phone service which is not only the 
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best in the world but shall continue to 
be the best that it is possible to render. 


Information Records 


Tere are, aS a consequence, sev- 
eral types of Information records in 
use throughout the System today, each 
one designed to fit the needs of the 
particular locality in which it is used. 
In the smaller exchanges, Information 
records may consist of a customers’ 
directory and a long-hand list of new 
telephones connected after that direc- 
tory went to press. Many refinements 
have been incorporated in the arrange- 
ment of these basic records for use by 
Information operators in such locali- 
ties. In the larger cities, however, 
either frequently reprinted book rec- 
ords or rotary file records are the 
types more commonly used. The 
former is a book record of telephone 
listings which, as its name implies, is 
reprinted at frequent intervals, while 
the latter is a record maintained in a 
specially designed circular file. 

Customers’ listings in Information 
records may be arranged in two dif- 
ferent ways. The first is an alpha- 
betical arrangement, in which custom- 
ers are listed in the same manner as 
in the telephone directory. The 
second is a street address arrange- 
ment, in which the listings appear 
numerically under the proper street 
name. If there are two or more list- 
ings at the same address, these are 
shown in their proper alphabetical 
order. 


All Information Bureaus _ are 


equipped with alphabetical records, 
and in many of the larger cities both 
alphabetical and street address rec- 
ords are provided. Under certain con- 
ditions, the provision of street ad- 
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dress as well as alphabetical records 
makes it possible for the operator to 
conduct a more rapid search for the 
number requested than she could if 
only the latter were available. This is 
particularly true on calls involving 
common names. In one of the larger 
cities, for example, there are 15 col- 
umns of “Smith” in the telephone di- 
rectory. On a call for the telephone 
number of a person by that name at a 
given address, it is obvious that a 
search of the alphabetical record is 
apt to be a lengthy one unless the per- 
son calling knows the first name or 
initials, while the search of the street 
address record probably would reveal 
more quickly the number desired. 
Also, on calls involving an indefinite 
name, or when the name is unknown 
but the person calling knows the busi- 
ness and address of the person whose 
telephone number is wanted, the street 
address record enables the operator to 
conduct an effective search for the 
number which otherwise might not be 
possible. 


iS cities using frequently reprinted 
book records, both the alphabetical 
and street address records are brought 
up to date and reprinted at frequent 
intervals. Between printing intervals, 
the alphabetical record is _ supple- 
mented with a printed alphabetical 
list known as the “daily addendum.” 
This list is placed on the Information 
switchboard early each morning, and 
contains all the new and changed list- 
ings which have occurred from the 
time the alphabetical record went to 
press up to the close of business the 
previous day. In some cities, where 
experience has indicated the need for 
even more up-to-date information, 
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Rotary Recorps ArE Usep 1n THis Mopern INFORMATION BUREAU 


The staggered positions of the desks, and the floor racks between pairs of girls, make all 
records readily available to each operator in this moderate-sized Information bureau 


“new telephone” files are maintained 
from current connections, so that if a 
calling person indicates the telephone 
number desired is one connected “this 
morning,” the operator is usually able 
to obtain it for him. 

Prior to the introduction of fre- 
quently reprinted records, in some 
cities the alphabetical record used by 
Information was the regular customer 
directory, which was supplemented 
by a bi-weekly alphabetical addendum 
and a daily alphabetical addendum. 
The street address record was supple- 
mented in some cases by a bi-weekly 
address addendum, but was reprinted 
only as frequently as the customer di- 
rectory. This arrangement of records 
adversely affected the time interval 
involved in locating telephone listings, 
because operators frequently found it 


necessary to consult one or more of 
their addenda records to obtain the 
information desired. This was par- 
ticularly true with increasing obsoles- 
cence of the customers’ directory. In 
one large city it was found that for 
every 1,000 calls handled, the opera- 
tors were obliged to consult over 1,800 
records under this plan, while with 
frequently reprinted records this num- 
ber was reduced to less than 1,300. 


Use of Rotary Files 


Rorary file records, both alphabeti- 
cal and street address, differ from 
frequently reprinted records chiefly 
in that they are contained in rotary 
files instead of books, and in the 
method of maintenance. The rotary 
file consists of a stand on which rotat- 
ing drums are mounted, and fastened 
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An INFORMATION PosiITION 


The operator is using one of the frequently reprinted records provided for her individual use. 
In the racks are current directories for other frequently called localities, which are also within 
reach of operators at adjacent and opposite positions 





in segments of these drums are frames 
which carry the listings. The stand 
may have one or two drums, giving 
either a one-tier or two-tier rotary 
Rotary files are placed on the switch- 
board in a manner which makes them 
easily accessible to the operators who 
use them. When an order is received 
for the connection of a new telephone, 
inserts containing the new customer’s 
listing are prepared by the clerical 
force at the Information center. 
When advice is received that the tele- 
phone has been installed, these in- 


serts are placed in their proper posi- 
tions among the other listings in each 
of the rotary files. When a telephone 
is disconnected, the inserts showing 
the listing of the customer involved 
are removed from the files. 





Information Equipment 


L wrormation operators work in 
groups or teams, except in some of 
the smaller localities where one op- 
erator, or sometimes one operator 
who combines Information with some 
other type of operating, is sufficient 
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FREQUENTLY REPRINTED RECORDS 


Note that the open directory is five columns wide. 


Directly above it is a ready-reference 


list of the local numbers most frequently requested. At the left is the key panel used in 
operating the position 


to care for the needs of the commu- 
nity. The size of these teams will 
vary, depending upon the volume of 
traffic to be handled and the kind of 
equipment in use. From the stand- 
point of team arrangement, there are 
two types of equipment in use 
throughout the System at the present 
time. 

The first and original type is ar- 
ranged to provide for terminating di- 
rectly on the operator’s position the 
Information trunks from the central 
offices served by an Information Bu- 
reau. Associated with each trunk is 
a lamp signal which lights whenever 
that trunk has been selected on a call 
for Information, and the operator 
selects the trunk on which she wishes 
to answer by manually operating an 


answering key which is provided for 
each incoming trunk. This kind of 
equipment is generally used in the 
smaller Information Bureaus, where 
the volume of traffic does not require 
the use of large teams of operators. 
The trunks can be multipled to as 
many positions as are needed to han- 
dle the traffic during the busiest period 
of the day. 

When the volume of traffic is such 
that more trunks are required than 
can be terminated on one position, 
two or more groups of positions and 
a corresponding number of teams of 
operators must be used. This, in 
effect, divides up a large information 
bureau into two or more small ones, 
and is not a desirable arrangement, 
particularly in the larger cities em- 
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Rotary Fives in Use 


The upper tiers of the files here pictured carry the alphabetical list and the lower tiers the 
street-address list 


ploying hundreds of Information op- 
erators, for it develops certain ineffi- 
ciencies in operating and tends to 
affect adversely the speed of service. 
The introduction of call distributing, 
the second type of equipment devel- 
oped for use in the larger cities, 
remedied this situation. 

Call distributing equipment is ar- 
ranged to distribute calls to idle op- 


erators.* With this arrangement, in- 
coming trunks are not wired directly 
to operators’ positions. Instead, each 
trunk is connected to a position-select- 
ing switch which performs the func- 
tion of associating an incoming call 


*“Tdle” meaning in this instance simply op 
erators who are not engaged at the moment in 
actually responding to inquiries and who are 
therefore free to accept new ones. 
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with any one of a number of Informa- 
tion positions. Each switch is pro- 
vided with terminals for use in estab- 
lishing “paths” to 40 Information 
positions, if desired, and in response 
to an incoming call the switch will 
automatically test these terminals 
until it finds a path to a position at 
which an operator is idle, waiting for 
a call. When the position has been 
selected in this manner, the operator 
receives a signal indicating that there 
is a call on her position to be an- 
swered, and is in immediate com- 
munication with the calling customer 
without further action on her part. 
Position-selecting switches are ar- 
ranged so that as many as 120 can 
be used for terminating incoming 
trunks in a single group, and the calls 
received over these trunks can be 
distributed, if necessary, to a team of 
40 operators. In addition, the design 
of call-distributing equipment practi- 
cally insures that incoming calls will 
receive attention at the Information 
Bureau in the order that they are 
received. 


The Information Operator 


W une improved methods and equip- 
ment provide the means, it is the 
operator who is responsible for giving 
the service; and if full benefit is to 
be derived from new developments, 
it is important that care be taken 
in the selection and training of In- 
formation operators. A student op- 
erator selected for Information must 
be a good speller, of course; she should 
know the general geography of the 
community in which she is engaged; 
and she should be familiar with the 
different racial names of its inhabit- 
ants. Resourcefulness is a character- 
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A Section or Rotary FILe 


This is a section of one of the files shown of 

the opposite page, indicating how the indi- 

vidual listings may be inserted or removed 
to keep the files up to date 


istic which is important in the In- 
formation operator if she really is to 
be helpful to those who come to her 
for assistance. 

The Information operator’s initial 
training period may take up to two 
weeks. During this period she is 
given what might be termed a “tailor- 
made” course of instruction—a course 
designed to prepare her for the spe- 
cific work performed in the bureau to 
which she is assigned and to assist her 
in becoming a productive operator 
through instruction to fit her indi- 
vidual needs. During this initial 
training period she will learn how to 
make effective use of her records, the 
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ANOTHER RECENT DEVELOPMENT IN INFORMATION-BUREAU EQUIPMENT 


This type of information desk has been developed for use in localities where relatively few 


records are required. 


In all other respects ils operation is the same as the other modern 


information equipment pictured on the preceding pages 


normal limits of search which have 
been found to be most productive, 
how to handle emergency calls, and 
many other fundamentals of the job. 
She will learn that customers are not 
always listed exactly as asked for by 
the person calling, and that she must 
acquire the habit of making suitable 
suggestions which occur to her as she 
searches in her records for requested 
information. She will learn that there 
are several ways in which the more 
common names can be spelled which 
she must be aware of if she expects to 
make intelligent use of her records. 
Some examples of these are Peter- 
sen, Peterson—Smith, Smyth, Smit— 
Cohen, Cohan, Coen, Cone, Kohn. 


Tue initial training period is only 
the beginning of the Information op- 
erator’s education; for in this branch 
of the service, as in others, training is 


a continuing activity and experience 
a big factor in the development of 
proficiency. With experience, she 
will become familiar with the more 
frequently called business firms, and 
will find she is often able to give out 
their numbers from memory, thereby 
expediting her report to the person 
asking. She will learn to associate 
trade names which are not listed in 
the directory with the manufacturers 
or distributors of these products. She 
will become more proficient in the 
handling of her records, and will in- 
stinctively know which record to use 
in beginning a search to locate a list- 
ing in the shortest possible time. 
These are only a few of the things ex- 
perience will develop in an operator, 
all of which go a long way towards 
making the service more complete 
and efficient. 

To make the service more pleasing, 























PROVIDING THE INFORMATION SERVICE 








operators have been encouraged to use 
a natural, courteous tone of voice in 
their contacts with customers. They 
are given considerable latitude in the 
choice of operating phrases to fit par- 
ticular situations, and the degree of 
liberality which is permitted in this 
connection has been effective in pro- 
moting an atmosphere of personal 
service. 


Information Trends 


Tue effect of introducing improved 
methods and equipment in Informa- 
tion has been reflected in a substantial 
reduction in the average interval of 
time required to handle an Informa- 
tion call. In some of the larger cities, 
this interval has been cut almost in 
half. There is evidence, however, 
that this situation has encouraged the 
use of Information service to a point 
where some customers are using it as 
a first source of reference, rather than 
as the secondary source for which it is 
intended. In 1940, over half the In- 
formation calls handled in the Bell 
System were for telephones correctly 


listed in the directory, and as the vol- 
ume of these calls increases, major 
problems are created. A great deal 
of thought is given to making the 
thirty million directories printed each 
year as Satisfactory to customers as 
possible,* and it is considered not un- 
reasonable to expect customers to re- 
fer to them before calling upon Infor- 
mation for assistance. 

The purpose of Information is to 
provide customers with telephone 
numbers which do not appear in the 
current directory, and to assist tele- 
phone users who may be having diffi- 
culty in locating people they wish to 
call. In the fulfillment of this pur- 
pose, it is the desire of all those 
charged with the responsibility of the 
service to do the job thoroughly, effi- 
ciently, and in a manner which will 
merit the approval of those customers 
who have occasion to seek the assist- 
ance of Information. 





* See “Making Telephone Directories Better,” 
Bett TELEPHONE Macazine, February, 1941. 








TELEPHONE STATISTICS OF THE WORLD 


The High Development of Facilities and the Frequency of Use of 
the Service in This Country, as Contrasted with the Rest of the 
World, Are Revealed in This Annual Survey 


By KNUD FICK 


HE latest issue of “Telephone 

and Telegraph Statistics of 
the World” illustrates in de- 

tail and in summary form, in its eight 
pages of charts and tables, the statisti- 
cal situation in respect of wire com- 
munication throughout the world as 
of January 1, 1940. As in former 
years, this survey has been under- 
taken by the Chief Statistician’s Di- 
vision of the American Telephone and 
Telegraph Company, with the codp- 
eration of the government administra- 
tions and the private companies which 
own and operate the various com- 
ponent parts of the world’s vast net- 
work of telephone and telegraph fa- 
cilities. In the compilation of the 
present edition of this bulletin, how- 
ever, it proved impossible to obtain 
authentic statistics covering develop- 
ments during 1939 for many of the 
foreign countries now involved in the 
war. But the latest statistics pre- 
viously available are included for such 


Telephones 
aie 
United States. 20,830,950 
Rest of World. 21,811,302 
Total World. 42,642,252 


Per 100 Pop. 


1.97 


countries, so that the tables and charts 
in the bulletin, which are reprinted 
here, are substantially accurate and 
representative of the status of world 
telephone facilities at the beginning 
of 1940. 

As of that date, there were 42,642,- 
252 telephones in service throughout 
the world, half of them—20,830,950 
—in the United States and about a 
third—15,765,994—in Europe. Con- 
necting with these 42,642,252 tele- 
phones were 179,110,000 miles of ex- 
change and long distance wire con- 
ductors, again with about one half— 
95,150,000 miles—in the Unitd States 
and one third—60,611,000 miles—in 
Europe. The indicated net gain in 
telephones during 1939 was 1,551,905, 
or 3.8 per cent, while the world’s 
telephone wire increased by 4,562,000 
conductor miles, a gain of 2.6 per 
cent. The relative telephone develop- 
ment of the United States can be seen 
from the following brief comparison: 


Telephone Wire 


Miles 


Per 100 Pop. | Per Telephone 
15.85 | 95,150,000 72.41 4.57 
1.07 | 83,960,000 4.13 3.85 
179,110,000 8.27 4.20 
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At the beginning of 1914, just be- 
fore the first World War, a similar 


Telephones 


Number 
United States 9,542,017 | 
Rest of World 5,346,533 
Total World. 14,888,550 


At the present time (i.e., the middle 
of 1941), it may be estimated that 
there are at least 45,000,000 tele- 
phones in service throughout the 
world, slightly over half of them be- 
ing in the United States, indicating 
that the world’s telephones have about 
trebled since the first World War. 
The world’s telephone wire mileage is 
now five times greater than it was in 
1914. In less than 28 years, the 
United States alone has added some 
13 million telephones and nearly 80 
million miles of wire to its telephone 
network. 

At the beginning of 1940, nearly 
24 million—or 56 per cent—of the 
world’s telephones were of the dial 
type, including 10,350,864 dial tele- 
phones in this country. More than 
half of the world’s dial telephones 
were placed in service during the dec- 
ade from 1930 to 1940, the gain in 
dial installations having been slightly 
greater than net telephone gain dur- 
ing this period. 


Turer-rirtus of all the telephones 
in the world are operated under pri- 
vate enterprise. It is interesting in 
this connection to compare the tele- 
phone development in the largest pri- 
vate (or predominantly private) sys- 
tems (United States, Canada, Italy 
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Per 100 Pop. 


9.68 
0.32 


0.85 | 
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statement of this country’s relative po- 
sition would have shown: 


Telephone Wire 


Miles | Per 100 Pop. Per Telephone 
22,137,000 | 22.46 | 2.32 
| 15,201,000 0.92 | 2.84 
37,338,000 2.14 2.51 


and Denmark) with that in the largest 
wholly government operated systems 
(Germany, Great Britain, France and 
Japan). Private initiative has pro- 
duced an average of 12 telephones 
per 100 people in the former coun- 
tries, or three times the telephone 
development in the largest four tele- 
phone systems operating under gov- 
ernment auspices. The bulk (nearly 
81 per cent) of the world’s 17,072,092 
government-operated telephones are 
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os 


in Europe, whereas 99 per cent of all 
the telephones in the Western Hemi- 
sphere are in private hands. 

During 1939, more than 30 billion 
local and long distance telephone calls 
were completed in the United States 
and it has been estimated, from rec- 
ords covering the majority of foreign 
telephone systems, that some 60 bil- 
lion calls were completed throughout 
the world at large, or about 28 tele- 
phone conversations per capita. For 
the United States alone, however, the 
per capita calling rate was 231.5, 
which means that there were only 
about 15 calls per capita outside the 
United States. 


Ix will be seen from the various 
tables and charts reproduced herewith 
that the United States—with nearly 
one half of the world’s telephones on 
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January 1, 1940, but with only six per 
cent of its population—has retained 
its supremacy as the world’s leading 
country in the field of voice communi- 
cation. 

In point of absolute size, the next 
largest national telephone system is 
that of the German Reich (including 
Austria and Sudetenland). On June 
30, 1939, this embraced 4,226,504 
telephones interconnected by some 18 
million miles of wire, these facilities 
representing some 10 per cent of the 
respective world totals. The over-all 
German telephone development, how- 
ever, was equivalent to only 5.28 tele- 
phones per 100 people, which is a 
little less than one half the average 
telephone development of the smaller 
communities and rural areas in the 
United States. At the beginning of 
1940, there was, in fact, an average of 
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11.33 telephones for every 100 people 
in American communities with a popu- 
lation of 50,000 or less. This is a 
relative telephone development better 
than that to be found in the vast ma- 
jority of cities, even the great national 
capitals, abroad. In most of the 
larger German cities, for example, 
there were fewer than 10 telephones 
for every 100 people, the exception 
being Berlin, where the 599,911 tele- 
phones on March 31, 1939, corre- 
sponded to somewhat less than 14 per 
cent of the population. 

The second largest network of tele- 
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phone facilities abroad is that of Great 
Britain and Northern Ireland, embrac- 
ing on March 31, 1940, 3,375,902 tele- 
phones and over 16 million miles of 
telephone wire. This corresponded to 
7.06 telephones and 34.10 miles of 
telephone wire per 100 population. 
Operated as a branch of the British 
Post Office (except for three small 
systems serving the City of Hull and 
the Islands of Guernsey and Jersey), 
the British telephone system is the 
best developed system among the 
larger European countries. The Brit- 
ish system handles some 2,255,000,- 


100 POPULATION 


January |, 1940 
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000 telephone messages per year, an 
average per capita telephone usage 
(47.4 messages in 1938) which is still 
considerably below either the Scandi- 
navian or North American calling 
rates. The telephone development of 
British cities is similar to that found 
in Germany and France, averaging 
around 8 or 9 telephones per 100 
people. London, however, had 17.81 
telephones for every 100 inhabitants 
of the city and county of London 
proper, although Greater London, 
with nearly nine million people and 
well over one million telephones, av- 
eraged less than 13 telephones per 
100 inhabitants. 


Tue French telephone system, op- 
erated by the Government Admin- 
istration of Posts, Telegraphs and Tel- 
ephones, had 1,589,595 telephones on 
January 1, 1939, or less than 4 per 
100 population, with a wire mileage 
of 14.35 per 100 population. AIl- 
though no less than 28 per cent of 
all French telephones are to be found 
in Paris, the telephone development 
of the French capital was only 15.45 
per 100 inhabitants; other French 
cities are considerably less developed 
telephonically. The average French 
citizen uses the telephone only some 
23 times during the year, or just about 
one tenth as much as the use in the 
United States. 

The three countries of Canada, 
Japan, and Soviet Russia all had 
approximately the same number of 
telephones (1,397,272, 1,367,958 and 
1,272,500, respectively). But Can- 
ada, where all but about 15 per cent 
of the telephones are owned and op- 
erated by private companies, had a 
development equivalent to 12.35 tele- 
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phones per 100 population, which was 
six times better than that of Japan 
and 16 times better than that of Rus- 
sia. Both of the latter countries op- 
erate their telephone systems as a 
function of the Government. 


In proportion to their respective 
populations, the telephonically best 
developed territories—outside the 
North American continent—are the 
three Scandinavian countries and 
Switzerland, in Europe; Australia; 
Hawaii; and New Zealand. In all 
of these, the number of telephones in 
service corresponded to between 8 and 
13 per cent of the population. In 
Denmark and Hawaii, all or nearly 
all of the telephone facilities are pri- 
vately operated. In Norway, over 
one third are under private operation, 
and Sweden gained her position of 
telephonic preéminence in Europe 
during the period when the telephone 
system was still largely in private 
hands. Australia’s and New Zea- 
land’s large cities have telephone de- 
velopments of from 10 to 20 tele- 
phones per 100 inhabitants, and the 
larger cities in Scandinavia and Swit- 
zerland likewise are fairly well pro- 
vided with telephone facilities. Stock- 
holm, an exceptional instance, had 
40.16 telephones for every 100 of its 
460,000 inhabitants. 


Leavine Russia out of the computa- 
tion, Europe covers nearly two million 
square miles, as compared with three 
million in the United States, but Eu- 
rope’s population of 400 million is 
three times that of the United States. 
Considering the fact, then, that Eu- 
rope is, on the average, about four 
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and a half times as densely populated 
as the United States, one would ex- 
pect a more uniform development of 
telephone service in European com- 
munities outside the largest cities than 
would be the case in similar American 
areas, where the much sparser average 
settlement would seemingly make the 


Cities with a population of over 1,000,000 
500,000—1,000,000 
200,000 500,000 


Total metropolitan areas. . 


Rural areas and communities with less than 200,000 | 
| 


population 


Potal 


In relation to population, the large 
cities of the United States have gen- 
erally from two to four times as many 
telephone facilities as European cities, 
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provision of adequate telephone fa- 
cilities a more difficult problem. 
According to the latest available in- 
formation, however, the greatest dis- 
crepancy in the telephone develop- 
ment of Europe as compared with 
that in the United States occurs in 
non-metropolitan areas; viz.: 


Telephones per 100 Population 


| 





| 


| Ratio AL S. to 


Europe | United States Surope 
10.1 24.3 | 2.4 to 1 
8.9 25.4 2.9 to 1 
6.8 | 23.3 3.4 to l 
| 8.9 24.3 2.7 to 1 
} 2.4 | 12.7 5.3 to 1 
3.6 15.9 4.4 tol 


while our smaller cities and rural areas 
have over five times the telephone 
facilities of similar communities in 
Europe. 
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DIRECT RADIO TELEPHONE CIRCUITS TO PORTUGAL AND 
PANAMA ESTABLISHED 


A pirect radio telephone circuit between 
New York and Lisbon, Portugal, was 
opened on June 25. Previous to the open- 
ing of this circuit, calls from the United 
States to Portugal had passed over the 
New York-Madrid radio telephone circuit, 
completing their journey to Portugal over 
long distance wire lines. The service link- 
ing Bell and Bell-connecting telephones in 
this country with those in Portugal is op- 
erated between the American Telephone 
and Telegraph Company’s short wave sta- 
tions in New Jersey and the Portuguese 
Marconi Company’s radio telephone sta- 
tions near Lisbon. 

A direct radio telephone service between 


a) 


New York and Panama City was opened 
on July 11. This system provides one 
circuit initially, with facilities for a sec- 
ond as soon as it is needed. Calls between 
the United States and Panama and the 
Canal Zone have more than doubled dur- 
ing the past year. Since 1933, telephone 
service with Panama has been operated 
between the A. T. & T. Company’s short- 
wave radio telephone stations near Miami 
and the radio telephone stations of the 
Tropical Radio Telegraph Company in 
Panama Viejo. The new radio circuit op- 
erates between the Tropical stations and 
stations of the A. T. & T. Company in 
New Jersey. 


PROGRESS IS RAPID ON TRANSCONTINENTAL 
TELEPHONE CABLE 


W ork goes forward rapidly on the Bell 
System’s new $20,000,000 transcontinen- 
tal telephone cable between Omaha, Neb., 
and Sacramento, Cal., which is to link the 
eastern and Pacific Coast cable networks, 
and by the end of July about 500 miles 
of the twin underground cables had been 
plowed in by three tractor trains at work 
along different sections of the route. (See 
“Trends in Toll Cable Usage,” MAGAZINE, 
May, 1941). About 30 of the approxi- 
mately 100 repeater-station buildings 


along the line have already been com- 
pleted, and the installation of repeaters 


and of circuit balancing apparatus is 
under way in more than a score of them. 

The two cables are laid side by side in 
a furrow plowed usually about 30 inches 
deep. The cables feed off their reels and 
into the ground through an aperture in 
the plow share, and the entire operation 
is completed at one time as the train is 
drawn along by powerful tractors. While 
the speed of one of these trains naturally 
depends on the character of the ground, 
under particularly favorable conditions 
one train covered seventeen miles in one 
week. 




















The circuits in one of the twin cables 
will carry words bound eastward, while 
those in the other will carry the west- 
bound halves of conversations. For the 
most part, the cables are manufactured 
and laid in lengths of about 3,000 feet, 
and gangs are now engaged in splicing the 
lengths together and conducting tests. 
Gas pressure is maintained in the cables 
during the laying operation, and the pres- 
sure is tested after each length is in place, 
to determine that no opening in the lead 
sheath has occurred during the plowing in. 
For protection, the route follows a care- 
fully selected right-of-way which avoids 
highways. 

The new cable will supplement several 
transcontinental lines which consist in 
part of open wire. According to present 
plans, from 50 to 70 circuits will be put 


into service in the completed section be- 
tween Laramie, Wyo., and Omaha before 
the end of this year. When the rest of 
the cable is finished, next year, there will 
be about 100 circuits to link the eastern 
and western cable networks at Omaha and 
Sacramento respectively, and an addi- 
tional 20 or more to take care of traffic 
between Denver and the east. This will 
be an increase of about 50 per cent over 
the number of circuits provided by ex- 
isting transcontinental lines. It is ex- 
pected that ultimately this one cable alone 
will furnish some 600 telephone circuits, 
or about triple the present number of 
transcontinental circuits. Channels will 
also be provided for radio network trans- 
mission and for telegraph and teletype- 
writer purposes. 


——_____,jf7-——__—__ 
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CONTRIBUTORS 


A 1937 graduate of Wesleyan University, 
ALVIN VON Auw stayed on at the Uni- 
versity to take his M.A. in 1938. Until 
April of 1939 he served as managing edi- 
tor of Listeners Digest, a national maga- 
zine featuring condensed versions of nota- 
ble radio broadcasts. When Scribner’s 
Commentator took over the Listeners Di- 
gest formula, Mr. von Auw became radio 
editor of the combined publication. He 
joined Western Electric’s Public Relations 
Department in July of 1939, and has since 
contributed numerous articles to trade 
and general publications on such subjects 
as broadcasting, aviation radio, marine 
radio, public address systems, and sound 
motion pictures. During recent months 
he has written a series of articles for 
Western Electric’s employee papers, de- 
signed to keep the Company’s employees 
informed on the extent of the Western’s 
contribution to the Bell System’s and the 
nation’s defense efforts. 


TO THIS ISSUE 


ENnrertnc Harvard in 1916, Eustace 
FLORANCE left college in 1917 to serve as 
a First Lieutenant and Captain of In- 
fantry in several southern cantonments 
until the middle of 1919. In 1921 he 
joined the Chesapeake and Potomac Tele- 
phone Companies in Washington, where 
he was engaged in commercial engineering 
work. In 1926 he was appointed Division 
Commercial Supervisor of the Washington 
Division, and in 1929 General Commercial 
Manager of the Chesapeake and Potomac 
Telephone Company of Baltimore City, 
serving the State of Maryland. In May 
of 1936 he returned to Washington, head- 
quarters of the companies, as General In- 
formation Manager. 


Gsrapuatep from the University of Kan- 
sas in 1915, AusTIN BAILeEy received his 
Ph.D. degree from Cornell University in 
1920, after having served during the 
World War as a Second Lieutenant in the 
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Signal Corps, assigned to the radio lab- 
oratories at Camp Alfred Vail (now Fort 
Monmouth). In 1920 he accepted a posi- 
tion as superintendent of the apparatus 
division of Corning Glass Works, leaving 
this in the Fall of 1921 to become As- 
sistant Professor of Physics at the Uni- 
versity of Kansas. He joined the Bell 
System in 1922, his first assignment being 
on radio problems in the Department of 
Development and Research of the Ameri- 
can Telephone and Telegraph Company. 
Dr. Bailey was sent to England and Scot- 
land in 1926 for a year’s work in connec- 
tion with the establishment of the first 
commercial transatlantic radio telephone 
circuit. In 1934 he was transferred to 
the Bell Telephone Laboratories, where he 
continued with the development of radio 
for Bell System applications. In 1937 he 
returned to the A. T. and T. Company, 
in the Department of Operation and Engi- 
neering, where he has since been engaged 
with the technical aspects of numerous 
radio projects, such as ship to shore, over- 
seas, emergency, point to point, and ve- 
hicular services. He has contributed sev- 
eral articles to the Bell System Technical 
Journal, Bell Laboratories Record, and 
BELL TELEPHONE QUARTERLY, all dealing 
with various aspects of radio telephony. 


Arrer graduating from the Massachu- 
setts Institute of Technology with the 
degrees of B.S. in E.E. in 1909, MLS. in 
1910, and Sc.D. in 1911, REGINALD L. 
Jones became a member of the research 
staff of the Western Electric Company, 
engaged in study of the fundamental 
characteristics of telephone transmitters 
and reeeivers and of mechanical telephone 
repeaters. In 1914 he was placed in 
charge of the Transmission Research De- 
partment, organizing and directing early 
studies of the nature of speech and hear- 
ing; development studies of improved 
transmitters, receivers, and loud speakers; 
and transmission engineering of telephone 
systems. In 1917-18 he was a Captain 





in the Signal Corps Reserves, assigned to 
research work for the Army and Navy 
relating to acoustic instruments and sub- 
marine signaling. In 1923 he was placed 
in charge of the Inspection Engineering 
Department, newly organized to establish 
a scientific basis for inspection operations 
in factory and field. When the Bell Tele- 
phone Laboratories was organized, in 
1925, Dr. Jones continued in this work 
in the new organization. In 1927 the 
Outside Plant Development Department 
was added to his responsibilities. He 
organized the first laboratories devoted 
exclusively to the development and speci- 
fication of materials and constructions 
used in the outside plant of the Bell Sys- 
tem. In 1928 he became Director of 
Apparatus Development. This depart- 
ment is responsible for investigation and 
design of most of the apparatus and mate- 
rials used by the Bell System. He is a 
representative of the telephone group on 
the Standards Council of the American 
Standards Association, and is the Bell 
System representative on the Aviation 
Communications Sub-committee of the 
Defense Communications Board. He is a 
member of the Bell System Committee on 
Critical Materials, and is chairman of the 
Benefit Committee of the Bell Telephone 
Laboratories. 


Upon graduation from Brown University 
with the B.S. degree in 1922, Frep C. 
BAURENFEIND joined the New York Tele- 
phone Company, and in the next several 
years filled a number of assignments in 
the traffic field organization in New York 
City. In 1930 he was appointed District 
Traffic Superintendent of the Washington 
Heights district; in 1932, after a brief 
period during which he was in charge of 
traffic instruction work for men in dial 
panel operation, he became District Traf- 
fic Superintendent for Information bu- 
reaus in Manhattan, with a personnel of 
about 1,000; and in 1938 he was made 
Traffic Superintendent of the Circle dial- 
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district. Last November he was 
transferred to the Department of Opera- 
tion and Engineering of the A. T. and T. 
Company, where, in the Traffic Division, 
he is engaged on local and auxiliary serv- 
ice matters—which include, among others, 
the Information service. 


Born in Denmark, KNup Fick was grad- 
uated in 1916 from Hellerup Gymnasium, 
near Copenhagen, with a degree corre- 
sponding to Bachelor of Arts, supplement- 
ing this two years later with the degree 
of Candidate of Philosophy from the Uni- 
versity of Copenhagen. Following a num- 
ber of years in the Foreign Office and 
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other branches of the Danish Government, 
he joined the American Telephone and 
Telegraph Company in 1925. In the 
Chief Statistician’s Division of the Comp- 
troller’s Department he has been in charge 
of statistics and economics relating to for- 
eign telephone development. In 1932 he 
was sent to Madrid, Spain, and in 1938 
to Cairo, Egypt, in connection with work 
for the International Telecommunication 
Conferences. His present discussion of 
what statistical analysis reveals about the 
world telephone situation is his seventh 
annual contribution to the MAGAZINE and 
its predecessor on this topic. 





